We have studied on hydro-thermally synthesis of Pb(Ti,Zr)O 3 (PZT)piezoelectric polycrystalline thick film on titanium (Ti) substrate. The purpose of this study is resolving the problems for application of PZT hydrothermal polycrystalline thick film to the ultra miniature high frequency medical ultrasound array probe. The problems were the existence of pinholes in the deposited PZT film, the rough surface of that, low dielectric breakdown electric field etc. The surface of Ti substrate was pretreated to have hydrophilic property by using high reactivity of hydrogen peroxide for resolving the problems in this study. As results, hydrophilic property on the surface of Ti substrate was improved. Surface of PZT hydrothermal polycrystalline thick film without pinholes and smooth surface of that were obtained. Furthermore, the material properties like density, Young's modulus and piezoelectric constant d 31 were increased by the pretreatment of Ti substrate. Consequently, dielectric breakdown electric field of PZT hydrothermal polycrystalline film was improved.
INTRODUCTION
Recently, we have studied on hydro-thermally synthesis of PZT piezoelectric polycrystalline thick film on titanium (Ti) substrates [1] , and developed ultrasound sensors [2] , [3] by using the PZT hydrothermal polycrystalline thick film (PZT-HPTF) on Ti substrate. Ohba et al had studied actively on deposition of PZT film by hydrothermal method [4] - [6] . However, they did not study on the application for the ultrasound sensor. Deposition of PZT-HPTF has the advantages like needless of sintering process, annealing process, polling process etc [7] . PZT-HPTF can be deposited on the Ti substrate with complex shape or tiny shape. On the other hand, PZT-HPTF has disadvantages like unstable material properties, low piezoelectric constants, rough surface of the film, existence of many pinholes, low dielectric breakdown electric field etc. The purpose of this study is resolving above problems in order to apply PZT-HPTF to the ultra-miniature high frequency medical ultrasound array probe like intra vascular ultrasound probe (IVUS probe). The ultra-miniature high frequency medical ultrasound probe should have many extremely tiny piezoelectric elements. PZT piezoelectric ceramics or polymer piezoelectric films like PVDF were employed. There was the problem like low yield rate for production of the ultrasound probe with such tiny piezoelectric elements. We think PZT-HPTF is ideal piezoelectric material except above disadvantage for the high frequency tiny ultrasound probes. Therefore, we tried to resolve the problems in PZT-HPTF by pretreatment of Ti substrate. Chemical cleaning was performed on Ti substrate before deposition in the conventional deposition process of PZT-HPTF. The chemical cleaning is the removing process of impurity or contamination on the Ti substrate. We did not consider the modification of Ti substrate to proper condition for deposition of PZT-HPTF. The surface of Ti substrate with anti-corrosive was pretreated to have hydrophilic property by using high reactivity of hydrogen peroxide in this study. The property of PZT-HPTF was estimated in order to resolve the problems in the hydrothermal synthesizing method of PZT film by using a bimorph vibrator with PZT-HPTF deposited on the Ti substrate with the pretreatment.
EXPERIMENTAL DETAILS

Hydrothermal synthesis of PZT-HPTF
The apparatus for hydrothermal synthesis of PZT-HPTF is shown in Fig Pretreatment of Ti substrate by using hydrogen peroxide Ti substrates are pretreated with hydrogen peroxide after chemical cleaning in this study. Methanol, acetone, methanol and distilled water were used one after another as the cleaning liquids in the chemical cleaning process. Ti substrate was washed by ultrasound for 10 minutes in each cleaning liquids. Ti substrate was immersed in the hydrogen peroxide solution with concentration of 30 % for 60 minutes in the pretreatment process. Ti substrates with and without the pretreatment were prepared for consideration of the effect of pretreatment with hydrogen peroxide. PZT-HPTF was deposited on both Ti substrates with same process and same condition except the pretreatment.
RESULTS AND DISCUSSIONS
Effect on Ti substrate
Relationship between the pretreatment time and contact angle was measured by a contact angle meter (CA-X, FACE) for investigation of hydrophilic property on the Ti surfaces with and without the pretreatment by using hydrogen peroxide. It was found as shown in Fig. 2 that the contact angle on the Ti substrate which was immersed in hydrogen peroxide solution tend to decrease with increase of pretreatment time. The contact angle was decreased remarkably and hydrophilic property was increased with increase of pretreatment time from 0 minute to 60 minutes. The contact angle did not change remarkably with pretreatment time for more than 60 minutes. The surface condition of Ti substrate was investigated by an X-ray diffraction meter (XRD; RINT2000, RIGAKU). Figure 3 shows the XRD patterns on the surfaces of Ti substrates with and without pretreatment in the hydrogen peroxide solution for 60 minutes. It was found that the surface of Ti substrate with the pretreatment was degenerated from Ti to TiO 2 or TiO. TiO 2 is stable material. On the other hand, TiO is reactive material. Therefore, TiO is useful for the hydrothermal synthesis of PZT. ) show the SEM images of PZT-HPTF deposited on the Ti substrate without and with pretreatment by using hydrogen peroxide respectively. We could observe many pinholes on the surface of PZT-HPTF deposited on Ti substrate without pretreatment. On the contrary, pinholes did not exist PZT-HPTF on the substrate with pretreatment. Furthermore, Figures 5(a), (b) show the SEM images of PZT polycrystalline particles deposited on the Ti substrate without and with pretreatment. It was found that larger PZT crystal nuclei could be synthesized on the Ti substrate with pretreatment than that without pretreatment. Figure 6 
Thickness of deposited PZT films and their material properties.
Table II shows the measured results of thickness and the material property of PZT-HPTF deposited on the Ti substrates with and without pretreatment by using hydrogen peroxide. It was found that density, Young's modulus and piezoelectric constant d 31 were increased by pretreatment of Ti substrate with hydrogen peroxide. However, thickness of deposited PZT-HPTF or deposition rate was decreased about 45%. Standard deviations of the material properties and thickness could be suppressed. Therefore, we think that properties of PZT-HPTF could be improved by pretreatment of Ti substrate with hydrogen peroxide. 
CONCLUSION
Problems in the material properties of deposited PZT hydrothermal polycrystalline thick film on the Ti substrate were improved by pretreatment of the substrate using hydrogen peroxide as follows,
